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. , , , $\mathbb{C}-\{0\}$ $\mathbb{R}^{3}$
$\mathbb{R}^{3}/T(v)$ ,
. ,
$\bullet$ $0$ 2 .
$\bullet$ $S^{2}$
$z$ .
. , , $\mathbb{C}-\{0\}$
, , $\mathbb{C}-\{0\}$
(cf. [5]). $T(v)$ , $v\in \mathbb{R}^{3}$
, . , ,




1.1. $\mathcal{W}(v)$ , 6 Hermite $(\mathcal{W},$ $g_{0}$ ,
$J)$ 3 .
, .
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2Weierstrass data
, $\mathcal{W},$ $\mathcal{W}(v)$ .
, [1], [6]
, 1 minimal annulus , .
$T(v)$ , :
$T(v):=$ { $t:\mathbb{R}^{3}arrow \mathbb{R}^{3}|t(x)=x+nv$ for some $n\in \mathbb{Z}$ }. (2.1)
$\mathbb{R}^{3}/T((0,0, \mathrm{o}))$ , $\mathbb{R}^{3}$ .
Riemann $\mathbb{R}^{3}/T(v)$
, , , Riemann
punctured Riemmann surface, , Riemann
(puncture point) , Weierstrass data
Riemann , ([3]).
, Riemann $\mathbb{C}P^{1}(=\mathbb{C}\cup\{\infty\})$ , puncture point $\{0, \infty\}$
. , Weierstrass data , $\mathbb{C}P^{1}$ $g$
– $\eta$ :
$(g, \eta)=(\frac{\Psi_{3}}{\Psi_{1}-\sqrt{-1}\Psi_{2}},$ $\Psi_{3})$ . (2.2)
, $\Psi_{i}:=(\partial X_{i}/\partial z)d_{Z},$ $i=1,2,3$ .
, $\nu:\mathbb{C}arrow S^{2}=\{(X_{1}, X_{2,3}x)\in \mathbb{R}^{3}|\sum_{i=1^{X}i}^{3}21=\}$
$\nu(z)=(\frac{2x}{1+|_{Z|^{2}}},$ $\frac{2y}{1+|Z|^{2}},$ $\frac{|Z|^{2}-1}{|z|^{2}+1}),$ $z=x+\sqrt{-1}y$ , (2.3)
. , , $S^{2}$ $\mathbb{C}P^{1}$ .
, Weierstrass data , $g$ , $X$ ,
, $\mathbb{C}P^{1}$ $S^{2}$ , $\mathbb{C}-\{0\}$ $P$ , $X(\mathbb{C}-\{0\})$
$X(p)$ , $S^{2}$
. , $g=z$ .
$\Psi$ $(\Psi_{1}, \Psi_{2}, \Psi_{3})$ , $\mathbb{C}P^{1}$ $(\Psi)$ .
$(\Psi)$
$= \sum_{p\in(\mathrm{r}^{\neg}P\vee}1(\min_{i=1,2,3}\mathrm{o}\mathrm{r}\mathrm{d}p\Psi i)$
. $p$ . (2.4)
$(\Psi)$ branch point , , puncture
point . , $(\Psi)$ :
$( \Psi)=\sum_{=j1}^{\iota}B_{j}$ . $b_{j}-P_{0\infty}.0-P\cdot\infty$ , $B_{j},$ $P_{0},$ $P\infty>0$ . (2.5)
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puncture point $X$ , puncture point
$(\Psi)$ 1 , puncture point
. , $1\leq P_{0}\leq 3,1\leq P_{\infty}\leq 3$ .





, $(g)_{0},$ $(g)_{\infty}$ , $g$ , . (25)
,
$( \eta)=\sum_{j=1}^{k}B_{j}\cdot b_{j}-(P0-1)\cdot \mathrm{o}-(P_{\infty}-1)\cdot\infty$ (2.7)
. , $\eta$ , $0$ $\infty$ 2 , $\mathbb{C}P^{1}$
– . , $\mathcal{W}$ , –
:
$\mathcal{W}:=\{(\frac{c_{0}Z^{2}+(C1/\sqrt{2})_{Z+C}2}{z^{2}}d_{Z})$ $|c_{0}|+|c_{1}|+|c_{2}|\neq 0\}$ (2.8)
$\eta$ , :
$-\pi{\rm Im}{\rm Res}((1/z-z)\eta;0)=v_{1}$ ,
$-\pi{\rm Re}{\rm Res}((1/z+z)\eta;0)=v_{2}$ , (2.9)
$-2\pi{\rm Im}{\rm Res}(\eta;0)=v_{3}$ .
, ${\rm Res}(\eta;\mathrm{o})$ , $\eta$ $0$ . , $\mathcal{W}(v)$
, $\mathcal{W}$ , (2.9) :
$\mathcal{W}(v):=$ { $\eta\in \mathcal{W}|\eta$ satisfies (2.9)}. (2.10)
$\mathcal{W}(v)$
$\eta$ , 1 minimal annulus $X:\mathbb{C}-\{0\}arrow$
$\mathbb{R}^{3}/T(v)$ ) :
$X(z)={\rm Re} \int^{z}(\frac{1}{z}-g,$ $\sqrt{-1}(\frac{1}{z}+z),$ $2) \frac{\eta}{2}$ . (2.11)
$\mathbb{R}^{3}$ – , 1
minimal annulus , ,
$\mathcal{W}(v)$ , .
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2.1. $\mathbb{C}P^{1}$ – , $-2$ ,
(2.7) , $\mathcal{W}(v)$ minimal annulus ,
, 2 .
2.2. $g$ 1 $\mathcal{W}(v)$ minimal
annulus , $-4\pi$ .
3 moduli space
, 1.1 .
, $\mathcal{W}$ $\mathbb{R}^{6}-\{0\}$ . , $u_{1}:={\rm Re} C_{0)}u_{2}$ $:=$
${\rm Im} c_{0},$ $u_{3}:={\rm Re} c_{1},$ $u_{4}:={\rm Im} c_{1},$ $u_{5}:={\rm Re} c_{2},$ $u_{6}:={\rm Im} c_{2}$ , $(u_{1},$ $\ldots$ ,
$u_{6})$
$\mathbb{R}^{6}$ . .
3.1. $\mathcal{W}(v)$ , $\mathcal{W}$ , 3
:
$\mathcal{W}(v):=\{(u_{1}, u_{2}, u3, -\sqrt{2}v3, -u1-2v_{2}, u_{2}+2v_{1})\in \mathcal{W}\}$ . (3.1)
. (2.9) , $(.u_{1}, \ldots, u_{6})$ ,
$- \frac{1}{2}(u_{2}-u6)=v_{1},$ $- \frac{1}{2}(u_{1}+u_{5})=v_{2},$ $- \frac{1}{\sqrt{2}}u_{4}=v_{3}$ , (3.2)
. .
2.2. , $\mathcal{W}(v),$ $v\neq(\mathrm{O}, 0, \mathrm{o})$ , – embedded minimal
annulus helicoid , $\mathcal{W}$
, , $\mathcal{W}(v)$ $\mathcal{W}$
. minimal annulus ,
, , .
$\mathcal{W}$ Riemann $g_{0}$ :
$g_{0}:= \frac{1}{u}\sum_{i=1}^{6}du_{i}^{2}$ . (3.3)
, $u=\sqrt{\sum_{i^{--}1}^{6}ui^{2}}$ . ( $\mathcal{W}$ , go) ,
.
3.3. $(\mathcal{W}, g_{0})$ 20 .
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$\mathcal{W}(v)$ , $(\mathcal{W}, g_{0})$ $g_{1}$ . ,
.





3.5. $(\mathcal{W}((0,0, v3)), g1),$ $v_{3}\neq 0$ helicoid ,
– .
3.6. $\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{i}\mathrm{C}\mathrm{o}\mathrm{i}\mathrm{d}\cdot\cdot \text{ }$, $\mathcal{W}((0,0, v_{3})),$ $v_{3}\neq 0$
.
. $(0,0, \mathrm{o}, -\sqrt{2}v_{3},0,0)\in \mathcal{W}((0,0, v_{3})),$ $v_{3}\neq 0$ , helicoid
. , $(\mathcal{W}((0,0, v3)), g1),$ $v_{3}\neq 0$
, helicoid .
, helicoid . he-
licoid , catenoid conjugate surface . catenoid , $\mathbb{R}^{3}$
, puncture point , 1 . , helicoid
puncture point 1 . , (2.7) , helicoid
, $(0,0, u_{3}, u_{4}, \mathrm{o}, \mathrm{o})$ . ,
.
3.7 ((ii) of Proposition 4.1 in [2]). $X:D^{*}arrow \mathbb{R}^{3}/T(v),$ $v\neq 0$
, punctured disk $D^{*}:=$ { $z\in \mathbb{C}|0<$ I $\leq 1$ } $\mathbb{R}^{3}/T(v)$
. $X$ $\gamma$ , $\gamma(0)$ $v$
. ,
1. $\alpha,$ $\beta$ ,
$X_{3}(z)=\alpha$ in $R+\beta\arg(_{\mathcal{Z}})+\mathcal{O}(1)$ , (3.6)
. , $O(1)$ , $z=0$ . ,




2. , $X(D^{*})$ , $\alpha=\beta=0$ planar end, $\beta=0,$ $\alpha\neq 0$
catenoid tyPe end, $\beta\neq 0,$ $\alpha=0$ helicoidal type end, $\beta\neq 0$ ,
$\alpha\neq 0$ helicoidal-catenoid tyPe end .
$\eta=(u_{3}+\sqrt{-1}u_{4})/(\sqrt{2}z)$ , $r$ $s$ ,
$X_{3}(r \cos S+\sqrt{-1}r\sin S)=\frac{1}{2\sqrt{2}\pi}(u_{3}\ln r-u_{4}S)$ , (3.8)
. , helicoid end helicoidal type end
, helicoid , $(0,0,0, u_{4},0,0)$ .
.- $(\mathcal{W}((0,0, v3)), g1),$ $v_{3}\neq 0$ helicoid , $(0,0,0$ ,
$-\sqrt{2}v_{3},0,0)$
ambient space $\mathcal{W}$ .
3.8. $(\mathcal{W}(v), g_{1})$ , $(\mathcal{W}(v), g_{1})$ ( $\mathcal{W},$ go)
, $v=(0,0, \mathrm{o})$ .
. $\mathcal{W}(v)$ $A$ :
$A=- \sum_{i=1}^{3}\sum_{j=1}^{3}\frac{\sqrt{2}v_{j}}{U}\theta^{i_{\otimes}}\theta^{\dot{?}}\otimes e_{j}+3$ , (3.9)
, $(\theta^{1}, \ldots, \theta^{6})$ ,
$\theta^{1}=\frac{du_{1}-du_{5}}{\sqrt{2}u},$ $\theta^{2}=\frac{du_{2}+du_{6}}{\sqrt{2}u},$ $\theta^{3}=\frac{du_{3}}{u}$ ,
(3.10)
$\theta^{4}=\frac{du_{2}-du_{6}}{\sqrt{2}u},$ $\theta^{5}=\frac{du_{1}+du_{5}}{\sqrt{2}u},$ $\theta^{6}=\frac{du_{4}}{u}$ .
, $\theta^{p}|_{w(v)}=0,$ $P=4,5,6$ . ,
$(e_{1}, \ldots, e_{6})$ , $(\theta^{1}, \ldots, \theta^{6})$ . , $(\mathcal{W}(v), g_{1})$ $(\mathcal{W}, g_{0})$
, $v=(0,0, \mathrm{o})$
$J$ , $\mathcal{W}$ $\xi$ $T_{\xi}\mathcal{W}$ endomorphism
$\mathcal{W}$ .
$J\tilde{e}_{1}=\tilde{e}_{5}$ , $J\tilde{e}_{2}=\tilde{e}_{4}$ , $J\tilde{e}_{3}=\tilde{e}_{6}$ ,
(3.11)
$J\tilde{e}_{4}=-\tilde{e}_{2}$ , $J\tilde{e}_{5}=-\tilde{e}_{1}$ , $J\tilde{e}_{6}=-\tilde{e}_{3}$ .
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3.9. $J$ , $(\mathcal{W}, g_{0})$ .
. $J( \partial/\partial u_{\alpha})=\sum_{\beta=\iota^{J}\alpha}^{6}\beta(\partial/\partial u_{\beta})$ . , $J$ $0$
, :
$J^{5}1=J^{4}2^{--}-J_{3}6=-J1=5-J^{2}4=-J_{6}^{3}=1$ . (3.12)
, , $J^{2}=-I$ . , $I$ $T_{\xi}\mathcal{W}$
. $J$ torsion $N$ $N^{\alpha}\beta\gamma$ , :
$N^{\alpha} \beta\gamma=\sum_{\delta=1}^{6}(J\delta\partial\alpha\delta J\alpha-J^{\delta\delta}\partial_{\delta}J\alpha-J\alpha\partial_{\beta\gamma}\gamma\gamma\beta\delta J+J^{a_{\delta}}\partial_{\gamma}J_{\beta}^{\delta})$, (3.13)
, $\partial_{\delta}$ $\partial/\partial u_{\delta}$ . , $N\equiv 0$ . , ( $\mathcal{W}$ , go)
3.10. $(\mathcal{W}, g_{0}, J)$ , K\"ahler .
. $g_{0}$ 2 $\Phi_{0}$ , $\Phi_{0}=\theta^{1}\wedge\theta^{5}+\theta^{2}\wedge\theta^{4}+\theta^{3}\wedge\theta^{6}$
. ,
$d \Phi_{0}=-2\sum^{6}\alpha=1(\frac{u_{\alpha}du_{\alpha}}{u^{2}})\wedge\Phi_{0}$ . (3.14)
, $\Phi_{0}$ .
Proof of Theorem 1.1. $\theta^{p}|_{\mathcal{W}(v)}=0,$ $p=4,5,6$ , $\Phi_{0}|_{\mathcal{W}(v)}=0$
. 3.1 , $\mathcal{W}(v)$ , 6
Hermite $(\mathcal{W}, g_{0}, J)$ 3 .
, $\mathcal{W}$ $g_{0}$ – .
3.11. $g’$ , $\mathbb{R}^{6}$ $g$ $(\mathcal{W}, J)$ K\"ahler metric
. , $\mathcal{W}(v)$ $(\mathcal{W}, g’, J)$ Lagrangian ,
$c$ , $g’=cg$ .
. $f$ $g’=fg$ . $g’$
2 $\Phi’$ , $g$ 2 $\Phi$ , $\Phi’=f\Phi$ . $\Phi’$
$\Phi$ , $df\wedge\Phi=0$ . $df=0$
, $f$ , $\mathcal{W}$ . , $c$ ,
$g’=cg$ .
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3.12. $cg$ , $\mathit{9}\mathit{0}$ $\mathcal{W}(v)$ .
, $cg$ , $v$ $\mathcal{W}(v)$ ,
. , $\mathcal{W}(v)$ , $(\mathbb{R}^{6}-\{0\}, g)$ 3
. , helicoid





. , $\mathcal{W}$ $g_{0}$
. $g_{0}$ , minimal annulus ,
helicoid , $\mathcal{W}$ .
, 1 minimal annulus , 2 puncture
point , 1 . mini-
rnal annulus , (2.7) $\cdot$ . ,
Weierstrass data $C(v)$ , :
$C(v)=\{(\mathrm{o}, \mathrm{o}_{\mathrm{a}},u_{3}, -\sqrt{2}v_{3})\mathrm{o}, 0)\in \mathcal{W}(v)\}$ . (4.1)
$C(v)$ $(0, \mathrm{o}, u_{3}, -\sqrt{2}v3,0,0)$ , $(u_{3}, -\sqrt{2}v_{3})$ .
4.1. $C(v)$ , $v_{1}^{-2}+v_{2}^{2}\neq 0$
.
. $\eta\in C(v)$ , (2.9) , $0=v_{1},0=v_{2}$
. , $C(v)$ $v_{1}^{2}+v_{2}^{2}\neq 0$
, $\bigcup_{v\in \mathbb{R}^{3}}c(v)$ $C$ . , $C=\{(u_{3}, u_{4})|u_{3}^{2}+u_{4}^{2}\neq$
$0\}\cong \mathbb{R}^{2}-\{0\}$ . , $C$ , $(0, u_{4})$ ,





, $\rho(C)$ , $\mathbb{R}^{3}$ cylinder . go , $\rho$ , $\mathbb{R}^{3}$
$C$ . ,
$g_{0}= \frac{1}{u_{3}^{2}+u_{4}^{2}}(du_{1}+3du42)$ (4.3)
. $C((\mathrm{o}, 0, V_{3}))$ , ($C,$ $g_{0)}$ $g_{1}$ .
4.2. $c((\mathrm{O}, \mathrm{o}, v_{3})),$ $v3\neq 0$ , helicoid , $C((\mathrm{O},$ $\mathrm{o}$ ,
$v_{3}))$ $\kappa$ – .




. , $C((0,0, v_{3})),$ $v_{3}\neq 0$ , helicoid ,
$C((\mathrm{O}, 0, v_{3}))$ $\kappa$ – ..
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